Background The lack of structural support remains a challenge in the treatment of comminuted distal radius fractures. Calcium phosphate and calcium sulfate bone cement has been used in other fracture locations in addition to fixation and has been shown to allow for retention of reduction in difficult cases. Methods A case-control retrospective review of 34 consecutive distal radius fractures treated with surgery was performed with the patients classified by Arbeitsgemeinschaft für Osteosynthesefragen (AO) classification. Complications and postoperative radiographs were evaluated. Results Cement was used in the most difficult cases. Radial height was retained in both groups. Volar tilt was significantly better in the cement group. There were no significant differences between the case and control groups for any complication. No complications related to the use of the cement were found. Conclusions The use of bone cement as an adjunct to fixation of distal radius fractures seems to include minimal risks and may afford a technical advantage in maintaining reduction during surgery for difficult fractures. Since there is an aspect of fracture difficulty that we cannot control for by using radiographic assessment alone, cement may provide an advantage over fixation without cement, despite similar outcomes. Bone cement can be part of the "tool box" for difficult distal radius fractures. Further study is necessary to define the technical advantages and limitations of each particular cement product.
Background and Purpose
The treatment of comminuted, intra-articular distal radius fractures has been evolving to include a multitude of techniques for internal fixation [2, 3] . While long-term outcomes and complications are still being evaluated, a significant challenge in the treatment of these fractures is structural support in the presence of soft and sometimes osteoporotic metaphyseal bone. This is especially true for already healing fractures where an osteotomy is necessary prior to reduction ( Fig. 1 ). Current techniques utilized to overcome this problem have included the use of adjunct external fixation, locking, and bridging plates. Bone grafting has been used for support, but requires cortical bone, which may not provide immediate or delayed maintenance during the healing process [12] . Furthermore, bone grafting includes donor site morbidity in autologous grafts and potential infection in allografts [5] . Bone cement has been used for scaffolding in spine surgery, but also in metaphyseal and intra-articular fractures such as in the tibial plateau, proximal humerus, and distal radius [4, 8, 11, 13, 16] .
We retrospectively compared distal radius fractures treated with open reduction and internal fixation using bone cement to those without the use of cement in an attempt to define the role of bone cement in the surgery of distal radius fractures.
Materials and Methods
All distal radius fractures treated over a period of 30 months by a single surgeon with open reduction and internal fixation were retrospectively reviewed in a case-control study. Institutional review board (IRB) approval was obtained prior to study commencement. Exclusion criteria included patients with missing radiographs, radiographs of poor quality, and patients with incomplete follow-up. Information regarding age, background disease, smoking status, surgical approach, the use of bone graft, and bone cement was recorded. All complications were documented including nonunion, malunion, chronic regional pain syndrome (CRPS), and infection. Fracture classification was assessed using the Arbeitsgemeinschaft für Osteosynthesefragen (AO) classification system for the distal radius [1, 9] .
Posteroanterior (PA) radiographs from the first postoperative visit and from the latest available visit within 3 months were used to evaluate radial height and ulnar variance, volar tilt, radial incline and intra-articular step off and gap. The measurements were performed by an independent observer using a digital measurement tool (Stentor iSite(TM) Picture Archive and Communications System [PACS]). Radial height was measured between two parallel lines perpendicular to the long axis of the radius. One line was drawn on the articular surface of the radius, and the other at the tip of the radial styloid (normal values between 9.9 nd 17.3 mm).
Radial inclination angle was measured by drawing a line along the articular surface of the radius perpendicular to the long axis of the radius, and a tangent from the radial styloid (normal value between 15°and 25°). Volar tilt was measured on the lateral view as the angle between a line perpendicular to the long axis of the radius and a tangent line drawn along the slope of the dorsal-to-palmar surface of the radius (normal angle between 10°and 25°). Ulnar variance was described as being zero, minus, or plus [14] .
All distal radius fractures using cement were included. These cases were controlled with retrospective distal radius fractures not using cement by AO fracture classification. Radial height loss, ulnar variance, volar tilt, radial incline and intra-articular step off and gap were compared between groups using a t-test, and complications were compared between groups using Chi-square tests. A multivariate general linear model was used to account for variance from all other factors. A p value smaller or equal to 0.05 was considered significant.
Technique
The distal radius fractures were treated operatively under general or block anesthesia. The reduction and fixation was obtained using volar fixed angle plates or plating systems that included fragment specific fixation according to the fracture type. The cement could not be used prior to fixation. If there was a big bony void or an unstable reduction after insertion of the hardware that necessitated additional support (such as an external fixator or bridging plate), the calcium phosphate cement was used to fill all voids.
HydroSet (Stryker, Kalamazoo, MI, USA), a mixture of calcium phosphate and sulfate bone cement, was used in all of the cement cases. Calcium phosphate hardens within minutes and is expected to remain at least in part several years after implantation. Because of its high calcium content it is radiopaque. The calcium phosphate forms a solid structure that is mechanically stable and will have a compressive strength between cancellous and cortical bone. The calcium sulfate is highly biocompatible but resorbs quickly and has low compressive strength. The mixture of the two allows for better handling, curing at body temperature and replacement by bone at a time that is between that of calcium sulfate and phosphate [17] . Complications have been reported using bone cement in the spine but not in the extremities. The bone cement is mixed for 45 s, drawn into a syringe and injected through an 8-gauge cannula (diameter 4.2 mm) into the area of bone loss. The injection is performed through the cortical defect, we injected through the dorsal cortical defect more often simply because there is usually more cortical loss dorsally, but if only a volar approach is used, the injection is performed volarly. It was injected following completion of the reduction and fixation in all cases since the authors' experience is that it is not possible to drill through the cement or to manipulate the cement without interfering with the hardening process. Since the cement hardens at body temperature there is no need to protect the soft tissue but injection when the construct is complete usually prevents the cement from extruding into the soft tissue. Following injection, soft tissue closure was completed (Fig. 2) . The cement was not used to promote healing of the fractures since closed distal radius fractures usually unite, but rather for structural support.
Following surgery, all patients were immobilized in a splint that allowed for finger motion but limited wrist motion for a 
Results
The population consisted of 36 distal radius fractures that were treated with open reduction and internal fixation using cement. Of these, 34 patients had adequate follow-up. Therefore, 34 cases were controlled with 26 retrospective distal radius fractures not using cement by AO fracture classification. The controls were cases in the last 30 months that were operated on without the use of cement and were matched to cases by AO classification. We were unable to control for eight C3 fracture cases. One patient in the cement group was treated with an external fixator in addition to internal fixation and cement ( Table 1) .
The case and control populations were not shown to be significantly different and could be compared ( Table 2 ). The average follow-up period was 56.4 (67.7) days with no significant difference between the cement and control groups. Fifteen cases and nine control patients had follow-up radiographs of sufficient quality to assess radial height measurements. Volar tilt, radial inclination, and ulnar variance were measured on radiographs of 30 cases and 23 controls. Both cement and non-cement patients averaged less than 1 mm in radial height loss. The difference between the groups was not significant. Volar tilt measurements differed significantly between the two groups (Table 3) . Articular gapping and step-off were not apparent on any of the post-operative radiographs and therefore the results in the cement and control groups did not differ.
There was one nonunion in the cement group at 6 weeks post-surgery and one malunion in the same group. Overall complications, pin site infection, nonunion, malunion, chronic pain, and CRPS did not significantly differ between the case and control groups for any complication. The cement group initially had a significant occurrence of chronic pain and CRPS but when controlled for AO grade, the association was not significant (Table 4 ).
Discussion
Kim et al. concluded that adding bone cement does not change the amount of collapse in distal radial fractures treated with internal fixation [6] . We did find a significant difference between the groups in the measurement of volar tilt. Overall, there was an average difference of 6°between the groups. It is not clear if this difference is clinically significant. However, since height retention was similar in both groups, and volar tilt was improved, it is possible that the use of cement prevents height loss in fractures that otherwise would have collapsed.
While minimal complications did exist in the cement group such as infection, nonunion, and malunion, we were unable to find a clear association between the use of cement and these complications. These complications could be accounted for by the greater complexity of cases for which cement was used (e.g., the nonunion was in a patient who fell from a height with significant associated soft tissue injury due to the high energy of the injury). We could not control for eight fractures, which were all C3 fractures. This is logical since we used the cement only in fractures with significant intra-articular or metaphyseal bone loss. Since a higher fracture grade is associated with complications such as chronic pain and CRPS, it was necessary to correct for this bias in our analysis when evaluating complications by comparing the cases and controls within each individual AO classification for each complication.
Since our study is a retrospective review with a small population, the conclusions from the results are limited. The measurement of radial height, ulnar variance, articular stepoff, gapping, and radial inclination are all dependent on the quality of the radiograph and the precision of the PA view. Many of these radiographs were taken before the patients regained maximal ROM, and therefore many of the views were suboptimal and were excluded from the study. Moreover the differences in angle and height were small. Radial height measurements were all <1mm, and possibly within the range of our measurement error. The study by Knirk and Jupiter [7] that was also performed on similar radiographs found that the clinically significant step-off was 2 mm, so it is probably valid to say there was no clinically significant loss of height in the population as a whole.
A limitation of the study is that we were unable to extract significant data regarding the patients' clinical outcomes. This is likely due to the fact that this was a retrospective study performed in a clinic in a level I trauma center with poor follow up. Further study to correlate the measurements with clinical outcome is needed. Furthermore, our relatively short follow up period does not provide long-term information. However, radiographs were evaluated after healing of the fractures and the beginning of mobilization, after which the fracture configuration should remain unchanged [10] .
In general the cases that included the use of cement were the more difficult ones. Even though we controlled for fracture comminution using the AO radiographic system, this probably does not completely control for actual instability and technical difficulty encountered during surgery. More specifically, not all fractures in a certain radiographic category will be equally difficult/easy to stabilize, and sometimes during actual surgery we encounter more bone loss or instability than we expect from looking at the radiographs.
When dealing with difficult distal radius fractures and significant articular comminution and bone loss, it is helpful to have a variety of technical options so that the fixation methods can be tailored to the fracture. Different plating systems, Kirschner wires, and external fixators all include inherent advantages and disadvantages. After reviewing our results, we found that the use of calcium phosphate/calcium sulfate bone cement as an adjunct to internal fixation in comminuted distal radius fractures allows for retention of reduction in difficult cases and includes no significant additional adverse effects as found in previous similar studies [15] . Though cement use does not seem to confer a clear advantage in the final outcome of surgery, we feel that there is an aspect of fracture difficulty and instability that we are not able control for using radiographic assessment alone. It is our opinion that bone cement should be available since it provides immediate stability thereby enabling the surgeon in certain cases to reduce the need for adjunct fixators while accumulating minimal complications. It seems to be most helpful in the very difficult subset of fractures including "old" partially healed fractures and those with the most significant articular involvement. The cost of cement use needs to be taken into account but may be compensated for in those cases where its use allows the surgeon to abandon using an external fixator or other adjunct stabilization. Further study is necessary to define the technical limitations of each particular cement product, and to better delineate the indications for cement use in fractures of the distal radius. Radial height loss was the measured change in radial height between the immediate post-fixation radiographs and the final films once healed. A significant difference was found for volar tilt between the cemented and non-cemented groups 
